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An investigat~hasbeenmadeof theeffectsof a variationof
Reynoldsnuniberon~hef~&s, moments,andsurfacepressuresona semi-
spanmodelofa winghavid@.35°“of sweepback,an aspectratioof 5, a
taperratio ofO.Y$+andtl@lACA65~AO12sectioninplanesparallelto
theplaneof symmetfi.Dataare-presentedfora rangeofReynoldsnum-
bersfrom2,000,000‘to10,QQO,OOOat a Machnmiberof0.25,andfrom
2,000,000toapproximately-k,500,~00atMachnmibersfrom0.60to0.94.b..= >,

Theresultsi~cated thatj in general,theeffectsofReynolds
numberweregreatertows@ $hetipof thewingthanneartheroot. At

h

a MachnumberofO. ~,the-maxlm~normal-forcecoefficientsforwing
sectionsinboardo otii@Qpercentofthesemispanweregreaterthan
predictedby appl s$mple”sweeptheorytotwo-dimensionalsection
data.A lowervaluebf ms@mumsectionnormal-forcecoefficientthan
predictedfromsectiondatawasobtainedforsectionsat 90 and95~er-
cent ofthesemispan.AtMachnumbersgreaterthanthatfordragdiver-
gence,a changei;Reynoldsnumberfrom-2,000,(X)0to 4,500,000c&sed
changeinloadingat smallliftcoefficientswhich,at a Machnuiber
of0.94,wassufficientto shiftthecenterofpressurerearwardby
150percentofthemeanaerodynamicchord.Thischangein loadingis
believedtohaveresultedfroma changeh thetypeofboundarylayer
theregionof theshock.
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INTRODUCTION
.

●

An investigationof theeffectsofMachnumberandReynoldsnumber
ontheaerodynamiccharacteristicsof several12-percent-thickwings
having35°of sweepbackandvariousamountsof camberhasbeenreported
inreference1. Theresultsof thisinvestigationindicatethatan
abruptdecreaseoflift-curveslopeaccompaniedby a largereductionof
staticlongitudinalstabilityoccurredat thedesignliftcoefficientat
a Reynoldsnumberof 2,000,000whentheMachnumberfordragdivergence

—

wasexceeded.Similarphenomenahavebeenreportedinreference2 which
presentsresultsoftestsata Reynoldsnumberofabout6w,000of sev-
eralwingshaving45°of sweepbackandtheNACA631A012sectioninplanes
paralleltotheplaneof symmetry.Thisreductionof staticlongitudinal
stabilityiscontrarytopreviousresultsfromtestsof swept-backwings
havingsectionslessthan12percentthick.(See,forexsmple,refer-
ences3 and4.) Theresultsofreference1 alsoindicatetheeffectsof
Reynoldsnuniberon theaeroi@amiccharacteristicsofthewingsat low

w
—-

Machnumberstobe large. P-
Inorderto determinethenatureofthechangesinloadingwhich

restitedintheabovephenomena,a duplicateofoneof thesemispan
modelsofreference1 wasconstructed.Thismodelwasequippedwith
flushorificesforthemeasurementof surfacepressures.High-speed
testswereconductedintheAmes12-footpressurewindtunnelandinthe
Ames16-foothigh-speedwindtunnelinorderthattheeffectof a vari-
ationofReynoldsnumberfrom2,000,000toabout4,500,000couldbe
assessedathighMachnumbers.Low-speedtestswereconductedinthe
12-footwindtunneloverthesamerangeofReynoldsnumbersas reported
inreference1.

NOTATION

b wingsemispanperpendicularto the
?!!

CD dragcoefficient
()
9
@

planeof symmetry,feet

c% pressure-dragcoefficient
t
ressuredr

@ 9

CL liftcoefficient
()
lift
T

.

f
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pitching-momentcoefficientaboutthequarterpuintofthe

meanaerodynamicchord
(

pitching
)

moment
qsE

span-loadpitching-momentcoefficientaboutthequarterpoint
of themeanaerodynamicchordcomputedfromthespanloading
assumingthesectioncentersofpressureat 26.2percent
chord

normal-forcecoefficient

localwingchordparallel

( )normalforce
@

to theplaneof symmetry,feet

averagewingchordparalleltotheplane

/’J’b’2a--
( !J

meanaerodynamicchord 1.

of symmetry,feet

,feet

{~b”cdY--
sectionpitching-momentcoefficientaboutthequsrterpointof
thesectionchord

(
sectionpitchingmoment

qc~ )

sectionnormal-forcecoefficient( )sectionnorml force
\ qc

free-streamMachnumber

(

localstaticpressure-
pressurecoefficient

)

free-streamstaticpressure
$1

criticalpressurecoefficient,correspondingto a local
numberof1.0
quarter-chord

[ -u2 2
z’ —7+1

ina directionperpendicularto thewtng
line

(1 +tiM2 COS2 35°
2 )1+-1}1

(SeereferenceA forderivationofthisexpression.)

free-stre=-c=’)$ ~~~pers~urefoot
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R Reynoldsnumber,basedonthemean

s areaof semispanwing,squarefeet

NACARMA52B20

aerodynamicchord

v free-streamvelocity,feetpersecond

Y lateraldistancefromtheplaneof symmetry,feet

a angleof

Y ratioof

~ fraction

attack,degrees

specificheats(1.11-00]

of

P free-stream

semispan
()
Y’
~

massdensityofair,slugspercubicfoot

MODEL

.

.

.

P

Thesemispan”modelrepresenteda winghavinganaspectratioof ~
andhad350of sweepbackofthequarter-chordline,a taperratioof0.7,
andtheNACA6~AO12airfoilsectionparalleltotheplaneof symmetry.
Theplanformandsectionof thismodelareidenticaltooneof those
testedduringtheinvestigationreportedinreference1.

Thesurfaceofthemodelwasan alloyoftinandbismuthwhichwas
bondedtoa steelspar. Inordertomeasuresurfacepressures,themodel
wasequippedwithflushorificesinrowsorientedparallelto theplane

—

of symmetryat 10,20,~, 60,80,90,and95 percentofthesemispan.
Thedimensionsofthemodelareshownin figure1,andthecoordinates

..

oftheNACA6~1A012airfoilsectionaregivenintableI. Shnilarsemi-
spanmountingswereusedinboththeAmes12-footpressurewindtunnel
andtheAmes16-foothigh-speedwindtunnelas showninthephotographs
offigure2. Ineachcase,themodelwasmountedwiththerootchordin
theplaneofthek-foot-diameterturntable,andthejuncturebetweenthe
modelandtheturntablewassealed.Thel/8-inchgaparoundtheedgeof
theturntablewasnotsealed.

TESTS ..

Ames12-FootPressureWindTunnel’
.

Twoseriesof testswereconducted:oneto evaluatetheeffectsof
Reynoldsnumberat--aMachri-er of 0.25,andoneto evaluatetheeffects
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ofMachnumberata Reynoldsnumberof 2,000,000.(Seefig.3.) Surface
pressures,lift,drag,andpitchingmomentweremeasuredoveran angle-
of-attackrangesufficienttoobtaindataforliftcoefficientsfromzero
to thatforthestall,
limitedby wind-tunnel
eterwhichwasusedto

Ames

Surfacepressures

exceptwherethemaximumangleofattackwas
powerorby theheightofthemultipletubemanom-
measuresurfacepressures.

16-FootHigh-SpeedWindTumnel

weretheonlymeasurementsmadeduringthetests
conductedintheAmes16-foothigh-speedwindtunnel.As shownin
figure3,theReynoldsnumberofthesetestsvsriedfrom3,900,000at a
~ch nwiberof0.62”to4,600,000ata Machnuniberof0.94.

CORRECTIONSTO DA!I!A

~c Pressure

Thedynsmicpressuremeasuredineachwindtunnelwascorrectedfor
constrictioneffectsdueto thepresenceofthetunnelwallsby the
methodofreference5. Thesecorrectionshavenotbeenmodifiedto allow
fortheeffectsof sweep.Thiscorrectionandthecorrespondingcorrec-
tionto theMachnumberarelistedinthefollowingtable:

12-footpressurewindtunnel16-foothigh-speedwindtunnel
Corrected
Machnumber Uncorrected qcorrected Uncorrected qcorrected

Machnumber uncorrected Machnuniber quncorrected

0.60 0.60 1.000
.80

0.60 1.000
●799 1.002 .799 1.001

.85 .84g 1.002 .849

.873
1.001

.873 1.003 .874 1●002
.90 987 l.oo~+ .898 1.002
.92 .915 1.005 .918 1.003
.94 .934 1.006 .936 1.004
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ForceMeasurements
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ThedataobtainedintheAmes12-footpressurewindtunnelwere
correctedfortheeffectsoftunnel-wallinterferenceoriginatingfrom
liftonthemodelby themethodofreference6 usingthetheoreticalspan
loaddistributionforincompressibleflowcalculatedby themethodof
reference7. Thecorrectionsaddedtothedragandtotheangleof
attackwere:

lb= 0.263cL

Sincetheturntableuponwhichthemodelwasmountedwasdirectly
connectedtothebalancesystem,a tarecorrectionto thedragwasneces-
sary.Thiscorrectionwasdeterminedfromtestswiththemodelremoved
fromthewindtunnel.Thefollowingcorrectionsweresubtractedfrom
themeasureddragcoefficients:

R XIO-e M CD*e
r

10 0.25 0.0066
6 ●25 .0067
4 .25 .0069
2 .25 .0076
2 .60 .0085
2 .00 .0094
2 .85 ●0097
2 .875 ●0100
2 .90 .0102
2 .92 ●0103
2 .94 .0105

No attempthasbeenmadeto evaluatetaresdueto interference
betweenthemodelandtheturntableorto compensateforthetunnel-
floorbouqdarylayerwhich,attheturntable,hada displacementthick-
nessof

-:

1/2inch.

IntegrationofSurfacePressures

orderto evaluatetheeffectsofReynoldsnumberontheaero-
characteristicsofthewingathighsubsonicspeeds,itwas

C--

._
—

?

t
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necessaryto integratethesurfacepressuresmeasuredinthe16-foot
high-speedwindtunnelto obtainnormalforce,pitchingmoment,and
pressuredrag. Inperformingtheintegrations,theloadingwasextrapo-
latedfrom10percentofthesemispantowardthewingroot. ItW’S-S found
thatpitchingmomentsobtainedby integrationofthesurfacepressures
measuredinthe12-footwindtunnelagreedwiththepitchingmoments
obtainedfromforcemeasurementsiftheloadingcurvewasterminated
1/2inchfromthewingroot,a distanceequalto thetunnelboundary-
layerdisplac”aentthickness.Thisprocedtiewasfollowedwhenextrapo-
latingtheloadingobtainedfromthe16-footwind-tunneltestssincethe
resultsof theintegrationsweretobe comparedwithforcemeasurements
madeinthe12-footwindtunnel.

Theangleofattackmeasuredduringthetestsinthe16-foothigh-
speedwindtunnelwascorrectedfortheeffectsof tunnel-wallinter-
ferenceduetoliftonthemodelby themethodofreference8. The
followingcorrectionwasaddedtotheangleofattack:

k= 0.135cL% 0.135 CN

where CN wasobtainedby integrationof surface

RESULTSANDDISCUSSION

Theaerodynamiccharacteristicsofthemodel

pressures.

testedduringthe
presentinvestigationweresimilaratmoderateliftcoefficientsto those
reportedinreference1 fora modelhavingthessmesectionandplan
form. However,atliftcoefficientsnesrthatforthestall,differences
intheaerodynamiccharacteristicsoccurredatReynoldsnumbersof
2,0C0,CK)0ad 10,OOO,OOOat a Machnumiberof 0.25,whicharebelievedto
be attributableto smalldifferencesinboththesurfacecontournearthe
leadingedgeandtheconditionofthesurfacesof thetwomodels.

Thefollowingdiscussionof theresultsofthepresentinvestigation
hasbeendividedintotwoparts:tineeffectofReynoldsnuniberat a Mach
numberof 0.25,andtheeffectofReynoldsnumberat highsubsonicMach
numbers. Thesurfacepressuresmeasuredduringthetestshavebeen
integratedtoyieldsectionnormal-forceandpitching-momentcoefficients
forstresmwisesectionsat10,20,~, 60,80,90,and95percentof
semispan.Onlya limitedamountofthechordwisepressure-distribution
datahasbeenpresentedinplottedform. Howeverjallthepressuredata
havebeentabulatedintables11,111,andIV.

.
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EffectsofReynoldsNumberatMachNumberof0.25
.

.

Thelift,drag,andpitching-momentcharacteristicsandthecorre-
spondingsectionnormal-forceandsectionpitching-momentcharacteristics
fora Reynoldsnumberof10,000,000arepresentedinfigure4. Similar
dataarepresentedinfigures5,6, and7 forReynoldsnumbersof
6,000,000,4,000,000,and2,000,000,respectively.Thedataobtainedat
a Reynoldsnumberof10,OOO,OOOareincludedineachOfthelatter
ftguresto showmoreclearlytheeffectsofReynoldsnumber.Although
datawerenotobtainedbeyondthestallata Reynoldsnumberof
10,000,000,thesectionnormal-forcedatafortheoutersectionsofthe
wing(fig.h(b))indicatethatthestallwasimminentatanangleof
attackof19°. Thelift,drag,andpitching-momentdataof figures5(a),
6(a),and7(a)showthattheeffectsofReynoldsnumberwerelarge,

—

particularlyintheupperlift-coefficientrange.Thesectionnormal-
forceandsectionpitching-momentdatashowninparts(b)and(c)of .
figures7 through7 indicatethattheeffectsofReynoldsnumberwere
greatertowardthetipthanneartherootofthewing.

u
Ithasbeendemonstratedby theresultsofan investigationreported

inreference9 thattheaerodynamiccharacteristicsofan infinitewing
inobliqueflowaredetemd.nedby theaerodynamiccharacteristicsofthe
sectionsnormaltothequarter-chordlineinaccordsmcewiththeconcepts
of simplesweeptheory.Thesectionof thesweptwingof thisinvesti-
gationwasapproximately14percentthickinplanesnormaltothequarter-
chordline.Applicationofthesimplesweeptheoryto sectiondataof
reference10 indicatesthatthevalueofthemaximumnormal-forcecoef-
ficientfora sectionof thiswingshouldbeabout0.91and0.84 for
effectiveReynoldsnunbers,basedonthevelocityandchordperpendicular
tathequarter-chordline,of6,700,000and4,000,000.TheseReynolds
ntierscorrespondto streamwiseReynoldsnumbers,basedonthemean
aerodynamicchord,of10,OOO,OOOand6,000,000,respectively.Inspection
of thedatapresentedinfigure5(b)revealsthatthesevaluesofmaximum
sectionnormal-forcecoefficientcorrespondto thosefora sectionat
about80percentofthesemispan;a highervalueexistingforsections
nearertherootof thewing,anda lowervalueexistingforsections
nearerthetip. Itmustbe notedthatthiscorrelationisnotexact
sincetheMachnumbersatwhichthesectiondataofreference10were
obtainedareprobablylowerthanthecomponentof theMachnuniberperpen-
diculartothequarter-chordlineofthewing. A correctiontothetwo-
dimensionalsectiondataforthedecreaseofmaximumsectionnormal-force
coefficientwithincreasingMachnumber(referenceId.)wouldresultin
thepointof correlationbeingmovedfsrthertowardthetipof thewing.
Thereductioninthevalueof-themaximumsection
at&)percentofthesemispanwitha reductionof
to2,000,000isofthesamemagnitudeaswouldbe

normal-forcecoefficient
Reynoldsnumber
anticipatedfromthe
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resultspresentedinreference12whichshow
numberonNACA6-seriesairfoilsections.

.

theeffectsofReynolds

Thechordwisedistributionofstaticpressureat 20,60,and90per-
centofthesemispanforReynoldsnunibersof10,000,000and2,000,000is
presentedinfigure8. Thesedataindicatethatthestalloftheouter
sectionsata Reynoldsnumberof2,000,000wasprecededby a smallamount
oftrailing-edgeseparation,as indicatedby a decreaseof thetrailing-
edgepressures,priorto completeseparationfromtheleadingedge.At
a Reynoldsnuniberof10,000,000andanangleofattackof16°,a definite
lossofpressurerecoveryat 90percentofthesemispanoccurredwith
littlelossofleading-edgesuction,indicatingthatthestallat this
Reynoldsnuriberwaspredominantlyof’theturbulentortrailing-edgetype.
An analysisofthecharacteristicsofa swept-backwingwhichstalled
fromthetrailingedgehasbeenpresentedinreference13. Thedata
ofthisreferenceshow,as do thoseofthepresentinvesti~tion,that
themaximumliftcoefficientsoftheoutersectionswere approxbately.
equaltothosewhichcanbe predictedfromsectiondata. Inreference13,
theincreaseinthevalueofthemaximumsectionliftcoefficientofthe

4 innersectionsoverthatpredictedfromsectiondatawasattributedto
a boundary-layer-controleffectaffordedby thedrainageoftheboundary-
layerairawayfromtheinnersectionsof thewing. Thisoffersa par-
tialexplanationforthesmalleffectsofReynoldsnuniberontheinner
sectionsofthewingofthisinvestigation.in contrastto thatwhich
occurredat theoutersections.(See,forexample,fig.7(b).) The
smallereffectofReynoldsnumberontheinnersectionsmayalsobe due
inpartto thelargerlocalReynoldsnumbersofthesesectionsas com-
paredtothelocalReynoldsnumibersoftheoutersections.

At a Reynoldsnumberof2,000,000,a reductioninthelift-curve
slopeoccurredatan angleofattackofabout3°,accompaniedby a
positiveincreaseintheTZtchingmoment.(Seefig.7.) C!arefulmeas-
urementoftheslopesoftheltitandpitching-mmnentcurvesof
figures5 and6 indicatesthata similarchangein slopeoccurredat
Reynoldsnumbersof4,000,000and6,000,000,buttoa lesserextentthan
at a Reynoldsnumberof2,000,000.As reportedinreference1, this
increaseinpitchingmomentandreductioninlift-curveslopeoccurred
at theliftcoefficientatwhichthelow-dragrangeterminated.The
low-dragrangeata Reynoldsnuniberof2,000,000extendedbeyondthe
an@e ofattackatwhichanadversegradientfirstexistednearthelead-

. ingedgeas shownbythepressuredataoffi~ure8(a). Suchan extension
ofthelow-dragrangeat lowReynoldsnumbershasbeenpreviously
reportedinreference12.

‘*
Ona sweptwd.ng,thechangesinstaticlongitudinalstabilitycan

be separatedintothatcausedby changesinthedistributionofloading
alongthesectionchordsandthatcausedby changesinthedistribution
ofloadingalongthespan.Theportionof thechangeinpitchingmoment

.
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.

withliftattributableto changesinthedistributionofloadingalong
-—

thespanis showninfigure9. Inthisfigure,thepitching-momentcoef-
ficientscomputedfromforcemeasurementsarecomparedwiththosecom-
putedsolely”fromthespanwisepositionofthecenterofpressure.In

.

makingthiscomputation,thechordwisepositionofthecenterofpressure
wasassumedtobe onthelinejoiningthequarter-chordpointsofthe
sectionsperpendiculartothequarter-chordline. Thepitching-moment
coefficientaboutthequarterpointofthemeanaerodynamicchordcalcu-
latedinthismannerhasbeentermedthespan-loadpitching-momentcoef-
ficientC%. Fromtheagreementoftheslopes-ofthepitching-moment
curvesshownin figure9, itmaybe seenthatthespanwisecenterof
pressurelocatedontheline~oiningthequarterchordsoftheairfoil
sectionsperpendicularto thequarter-chordline(26.2percentlocal
chord)provedtobe thelocationofthewingcenterofpressurenear
zerolift. Thesmallerdepartureof Cms thanof Cm froma linear —

variationwithliftcoefficientatliftcoefficientsbelowthestall
signifiesthatmuchofthechangein Cm wascausedby movementofthe ‘“ .-
sectioncentersofpressureratherthanby a changeinthespanwisedis-
tributionofloading.Ofparticularinterestistheabruptincreasein
thepitchingmomentbetween3° and4°an@e_._ofattackat a Reynolds i
numberof2,000,000whichis indicatedtobe causedby a changeinthe
sectionpitchingmomentsandnotby a changeinthesxmnwisedistribution ~~
ofloading.At liftcoefficientsnearthestall,a largepositive
increasein C% occurredwhichistraceabletoa reductionofthelift-
curveslopesoftheoutersectionsofthewing. Thisincreasein s_pan-
loadpitching-momentcoefficientCms wasmuchgreaterthantheincrease
inthepitching-momentcoefficientCm therebyindicatingthatrearward
movementofthesectioncentersofpressureoccurredat theselift
coefficients.

EffectsofReynoldsNumberatHigh
SubsonicMachNumbers

ThedataafhighsubsonicMachnumbersanda Reynoldsnumber
of 2,000,000were obtainedintheAmes12-footpressurewindtunnel.At
Machnumbersgreaterthan0.875,measurementsof thestaticpressureon
thetunnelwall.oppositetheuppersurfaceof themodelindicateda local
Machnumbergreaterthan1.0at somepositiveanglesof attack.Since
chokingofthetunnelrendersquestionablethevalidityofdataobtained ●

underthiscondition,thesedatahavebeenfairedwitha dottedline.

ThedataatthehigherReynoldsnumberswereobtainedfromtestsin ii
theAmes16-foothigh-speedwindtunnel.TheReynoldsnumberof these
testsvariedfrom3,900,000at a Machnumberof 0.62 to 4,600,000ata
Machnumberof0.94. (Seefig.3.) TheMachnumbersofthesetestswere
determinedfroma tunnelcalibrationwhichwasconductedafterthedata

co@JglQ$LL*
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forthisreportwereobtained.Consequently,thevaluesofMachnuniber
formostofthedataat thehigherReynoldsnumberdonotcorrespond
exactlyto theMachnmibersof thedstaobtainedat a Reynoldsnumber “d of 2,000,000.Forthisreason,actualdatapointsat thehigherReynolds
numberssrepresentedforcomparisonwiththosefora Reynoldsnuniberof
2,000,000onlyat a I&chntier of 0.94,wheretheMachnumbersforthe
twotestswereidentical,andata Machnumberof0.62,wherethediffer-
enceof 0.02inMachnumberisnotconsideredtobe important.The
remainderof thedatapresentedfromthetestsconductedinthe16-foot
“windtunnelwereobtainedfromfairedcurvesoftheaerodynamiccoef-
ficientsasa functionofMachnuniber.Nomeasurementsto determineat
whatliftcoefficientandMachnumberthelocalMachnuniberat the
tunnelwallexceededunityweremadeduringthetestsinthe16-footwind
tunnel.Dueto itslargertest-sectionarea,however,chokingconditions
canbe expectedtooccurat liftcoefficientssomewhatgreaterthanin
the12-foottunnelfora givenMachnuniber.

. Thenormal-forceandpitching-momentdataforthehigherReynolds
nwnbertestswereevaluatedby integratingthemeasuredsurfacepressures.

\ Theadequacyofthisprocedureis illustratedin figure10. Inthis
figurearepresenteddatafromthe12-footpressurewindtunnelwhich
werecalculatedfrombothforcemeasurementsandsurfacepressures.
Thesedatashowthattheindicatedlocationof thecenterofpressureis
thesameinbothinstancessincetheslopesof thepitching-momentcurves
arenearlyidentical.However,integrationof thesurfacepressures
yieldeda valueofnormal-forcecoefficientwhichatanglesofattack
greaterthanabouthowasseveralpercentlowerthanthatcalculatedfrom
forcemeasurements.Itisnotknownwhetherthisisa resultof consist-
enterrorsinextrapolationandintegrationof surfacepressures,ora
resultofunevaluatedinterferencetares.

Dataobtainedineachwindtunnelat approximatelythesameMach
numberandReynoldsnumberarepresentedin figureI-1.Thedifferences
betweenthetwosetsof dataareshowntobe smallexceptnearthestall..
Therefore,comparisonsof thedataobtainedin eachwindtunnelathigher
Machnumbers,butat differentReynoldsnumbers,shouldindicatethe
effectsofReynoldsnuniberformoderateliftcoefficients.Theseare
presentedin figures12through17.

EffectofReynoldsnumberfornormal-forcecoefficientsnearzero.-
Thenormal-force-curveslopes,thepitching-moment-curveslopes,andthe
pressure-dragcoefficientsfora normal-forcecoefficientof zeroare
presentedas functionsofMachnumberinfigure18. Thesedataindicate

. thatthechangeinReynoldsnumberdidnotaltertheMachnumberfordrag
divergence.TheMachnumberforliftdivergence,however,wasgreater
by about0.05atthehigherReynoldsnumber.A largeeffectofReynolds
numberonthestaticlongitudinalstability,as indicatedby thevalue
of &!#&!Njisevident.At a Reynoldsnuniberof 2,000,000,no change
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in stabilityoccurredup totheMachnumberfordragdivergence,where-
upona largedecreaseof stabilityoccurredtithfurtherincreaseof
Machnuniber.At thehigherReynoldsnumberthestabilityincreasedwith

-.

increasingMachnumber.At a Machnuniber‘of0.94,thedifferenceinthe
.

valuesof aC#C!N indicate-thecenterofpressureat a Reynoldsnumber
of 2,000,000tobe roughly1-2/2meanaerodynamicchordlengthsforwsrd
of itspositionat a Reynoldsnumberof 4,600,000.

An estimateoftheproportionofthechangein stabilitycausedby
—

changeinthespanwisedistributionofloadingmaybemadefrominspec-
tionofthedataof figure19. Inthisfigure,pitching-momentcoeffi-
cientsC% whichhavebeencomputedfromthespatiselocationofthe
centerofpressure(chordwisecenterofpressureassumedtobe at
26.2percentofthelocalchord)arepresentedforcomparisonwiththe
pitching-momentcoefficients~ calculatedfromforcemeasurements. .—

At a Reynoldsnumberof2,000,000anda no&l-forcecoefficientof zero
(fig.19(a)),thevariationofthespanwiselocationofthecenterof , ..
pressurewithMachnumberwasthepredominantcauseofthedecreasein
static longitudinalstability.At thehi@er Reynoldsnumber(fig.19(b)),
spanwisemovementofthecenterofpressureaccountedforroughlyhalfof ?
theincreasein staticlongitudinalstabilitywithincreasingMachnumber;
theremainderoftheincreaseresultedfroma rearward movementofthe
centersofpressureof thewingsections.Thechangesinthespanwise
distributionofloadingwithReynoldsnumber,whicharetheprincipal
causeof thechangesin staticlongitudinalstability,areevidentfrom
thedataof figure20.

A tentativeexplanationcanbe offeredforthelargeeffectsof .
ReynoldsnumberonthiswingatMachnumbersgreaterthanthatfordrag
divergence.Thesurfacepressuresontheuppersurfaceofthewingat
a Machnumberof0.94anda normal-forcecoefficientofaboutzeroare —
presentedinfigure21. At 20percentofthesemispan,thecompression
immediatelybehindthepositionofminimumpressurewssmoreabruptat_
a Reynoldsntier of4,600,000thanat a Reynoldsrumiberof 2,000,000.
A similsrdifferenceis showninreference14betweentheinteractionof
a shockwavewitha turbulentboundarylayer,andtheinteractionofa
shockwavewitha laminarboundarylayerwhichdoesnotseparatefrom
thesurface.At theoutersections,60and&)percentofthesemispan
forexample,theminimumpressureislessandthepressurerecoveryis. -
morenearlycompleteat a Reynoldsnumberof 4,600,000thanat 2,000,000.
Thesedifferencessreagainsimilartothoseshowninreference14
betweeninteractionof shockwaveswithturbulentandwithlsminar

.

boundarylayers,exceptthatatthesesectionsthepressuredistributions
at thelowerReynoldsnuniberaresimilartothosewhichresultwhen k
separationofthelaminarboundarylayeroccuysaheadofthemainshock
wave.Additionalevidencethattheboundary”layerhasseparated some-
wherebetween20and60percentof thesemispanata Reynoldsnumber
of2,000,000isthemorenearlycompletepressurerecovery at the

.
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trailingedgeat theinnersectionas comparedtothatat 60 and90per-
centofthesemispan.Fromtheforegoing,it isbelievedthatata
Reynoldsnumberof 4,600,000theboundarylayernearthelocationofthe
shockwavewasturbulent.At a Reynoldsnumberof 2,000,000theboundary
layerwaslaminarandseparatedsheadof theshockwaveat sectionsout-
boardof 20percentofthesemispan.

Theeffectofa smallangleofattackon thesurfacepressuresmay
be seenfromfigures22and23wherethechordwisepressuredistributions
at 20,60,and90percentofthesemispanae presented.At a Reynolds
numberof 2,000,~0,andMachnumbersof0.90and0.94,thepointof
minimumpressureontheuppersurfaceoutboardof about20percentofthe
semispanwasaheadofthatonthelowersurfaceatan angleofattack
of1°. Thisisbelievedtohavebeencausedbytherelativemovementof
thepointof laminsrseparationontheupperandlowersurfaceswiththe
increaseinangleofattackfromOO. Thisrelativemovementofthe
pointsofminimumpressureontheupperandlowersurfacesresultedina
positivenormalforceontheforwardpartof thesections,anda negative
normalforceontherearofthesections.Thisresultedinlpw,and
sometimesnegative,sectionnormal-force-curveslopesandlargepositive.
sectionpitchingmomentsat smallanglesofattackfortheoutersections
ata Reynoldsnumberof 2,000,000.At a Reynoldsnuniberofabout
4,600,000,themovementofthepointofminimumpressurecausedbya
smallsingleofattackwasslightand,ingeneral,positivenormalforces
existedovertheentirechordforallsectionsofthewing.

EffectsofReynoldsnumberatmoderatenormal-forcecoefficients.-
AtMachnumbersof0.60and0.80theincreaseinReynoldsnumberhad
verylittleeffectonthechangesin stabilityandinnormal-force-curve
slopewithincreasesinangleofattackup to6°. (See$igs.n(a)
and12(a).)Thereductioninlongitudinalstabilityandthedecreasein
normal-force-curveslopewhichoccurredbetween3°and4°sngleofattack
attheseMachnunibersaresimilartothosepreviouslynotedfora Mach
nurfiberofO.=.

At higherMachnumbers,thepressurecoefficientcorrespondingto a
Machnumberof1 normaltothequarter-chordline(PmA=~~o)wasexceeded
at an angleofattackof 1°orless. (Seefigs.22 and23.) Whenthis
conditionoccurs,theexistenceof shockwavescanbe expectedtohave
an influenceontheeffectsofReynoldsnuiberontheforcessmdpres-
suresactingonthewing. Thepitching-momentdataforMachnunibers
of0.90,0.92,ad 0.94(figs.15(a),16(a),and17(a))showthat
althoughan increaseinReynoldsnumbereliminatedthestaticlongitudi-
nalinstabilityat a normal-forcecoefficientof zero,am equallydrastic
reductionof stabilityoccurredata positivenormal-forcecoefficient
atthehigherReynoldsnumber.Thisreductionin stabilityoccurrednear
a normal-forcecoefficientof0.3atMachnumbersofO.~ and0.92
(figs.15(a)and16(a)),andbetween0.1and0.2at a Machnumberof 0.94
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(fig.17(a)). Thesechsmgesin stabilitywere’causedmostlyby a change .
inthespanwisedistributionofloading.(Seefig.19(b).)A reduction
of thesectionnormal-force-curveslopesofthesectionscomprisingthe
outer60percentofthesemispancausedthischangeinthespanwisedis- k

tributionofloadingasmaybe seenfromthedataoffigures14(b),
l~(b),16(b),and17(b). ,

Thepressuredataforanglesofattackfrom2°to 5° ata Mch
numberor 0.90anda Reynoldsnumberof2,000,000arepresentedin
figures24(a)and24(b).Similardatacoveringapproximatelythesame
rangeofangleofattackat a Machnumberof0.91anda Reynoldsnumber
of 4,500,000arepresentedinfigures24(c)and24(d).Theabruptreduc-
tionof sectionnormal-force-curveslopeat 60percentofthesemispan
atMachnumbersofhozh0.90and0.92atthehigherReynoldsnumber
(figs.15(b)and16(b))isaccompaniedby”thelossofpressurerecovery

—

indicatedinfigure24(d).However,at 90percentofthesemispanvery
—

littlelossofpressurerecoveryisindicated.At thissection,thelow
sectionnormal-force-curveslopesareassociatedwitha regionofnega-

e

tivenormalforceovertherea~halfofthesection.

CONCLUDINGREMARKS

Theresultsofteststo evaluatetheeffectsof
theloadingona 12-percent-thickwinghaving35°of

Reynoldsnuniberon
sweepbackhavebeen

.—

presented.-Ingener~l,theresults~dicazedthatataK-Machnumbers
theeffectofa changeinReynoldsnumberwas@eateron theoutersec-
tionsthanontheinnersectionsofthewing.At a Machnumberof0.25,

—

themaximumnormal-forcecoefficientsforwingsectionsinboardof
about80percentofthesemispanweregreaterthanpredictedby applying
simplesweeptheorytotwo-dimensionalsectiondata.A lowervalue of
maximumsectionnormal-forcecoefficientthanpredictedfromsection
datawasobtainedforsectionsat 90and95~ercentofthesemispan.
At Machnumbersgreaterthanthatfordragdivergence,an increasein
Reynoldsnumberfrom2,000,000to 4,500,000causeda changeinloading
whichat a Machnumberof0.94wassufficientto shiftthecenterof
pressurerearwardby about150percentofthemeanaerodynamicchord.
Thischangeinloadingisbelievedtohaveresultedfroma changeinthe
typeofboundarylayerintheregionoftheshockwavefromlsminarat
tnelowerReynoldsnumberto turbulentat thehigherReynoldsnumber. .

AmesAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

MoffettField,Calif.
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[Alldimensionsgiveninpercentchord]

Upperandlowersurfaces

Wation

o
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=75
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?;
10
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20
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“55
60
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E
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90
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100
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3.6k7
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;.;;;
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5*995
5●997
5.828
5.544
5.143
4.654
4.091
3.467
2.798
2.106
1.413
.719
.025

L.E.radius:0.922percentchord
T.E.radius:0.029percentchord
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